Background Major blood loss during neurosurgery can lead to several complications, including life-threatening hemodynamic instabilities. Studies addressing these complications in patients undergoing intracranial tumor surgery are limited. Materials and Methods During the study period, 456 patients who underwent elective craniotomy for brain tumor excision were categorized into four groups on the basis of estimated intraoperative blood volume loss: Group A (<20%), Group B (20-50%), Group C (>50-100%), and Group D (more than estimated blood volume). The occurrence of various perioperative complications was correlated with these groups to identify if there was any association with the amount of intraoperative blood loss. Results The average blood volume loss was 11% ± 5.3% in Group A, 29.8% ± 7.9% in Group B, 68.3% ± 13.5% in Group C, and 129.1% ± 23.9% in Group D. Variables identified as risk factors for intraoperative bleeding were female gender (p < 0.001), hypertension (p = 0.008), tumor size >5 cm (p < 0.001), high-grade glioma (p = 0.004), meningioma (p < 0.001), mass effect (p = 0.002), midline shift (p = 0.014), highly vascular tumors documented on preoperative imaging (p < 0.001), extended craniotomy approach (p = 0.002), intraoperative colloids use >1,000 mL (p < 0.001), intraoperative brain bulge (p = 0.03), intraoperative appearance as highly vascular tumor (p < 0.001), and duration of surgery >300 minutes (p < 0.001).
Introduction
Blood loss during neurosurgery varies in magnitude from minimal to massive. Excessive blood loss is strongly associated with in-hospital morbidity and mortality. 1 Complications of transfusion translate into higher rates of sepsis, longer duration of hospital and intensive care unit (ICU) stay, and overall increased patient mortality. [2] [3] [4] [5] [6] [7] Several studies have identified complications associated with bleeding in patients with trauma, obstetric hemorrhage, cardiac surgery, liver transplantation, and oncological surgery. [8] [9] [10] [11] [12] [13] [14] However, studies addressing these complications during intracranial tumor surgery are not available. Hence, we planned this study to correlate the amount of intraoperative bleeding with perioperative complications and neurological outcome in patients undergoing brain tumor surgery.
Materials and Methods
After obtaining approval from the Institutional Ethics Committee and permission to access the patients' records, data of all adult patients between 18 and 60 years, who underwent elective surgery for brain tumor removal over a period of 1 year, were collected by reviewing the patients' medical records and intraoperative anesthesia charts.
Preoperative patient data, including age, sex, body weight, associated systemic illness, American Society of Anesthesiologists (ASA) physical status, type and site of lesion, the number of previous surgeries for the pathology, preoperative cardiorespiratory status, and preoperative baseline investigations, were collected. Estimated blood volume (EBV) of the individual patient was calculated on the basis of his or her gender (men: 70 mL/kg; women: 65 mL/kg).
Intraoperative anesthesia record and surgical notes were reviewed to collect data regarding type of anesthesia technique, surgical position, surgical procedure, hemodynamic stability, amount of blood loss, amount and type of intravenous (IV) fluid administered, amount of blood and blood components transfused, the use of vasopressors, the use of cell saver, and duration of surgery and anesthesia. Intraoperative complications such as hemodynamic instability, hypothermia, derangements in blood gases and acid-base status, dyselectrolytemia, arrhythmias, coagulation abnormality if any, and details of their management were noted. After completion of the surgery, it was also recorded whether the patient was extubated immediately or was mechanically ventilated.
Patients medical records were reviewed to note the development of postoperative complications within the first 48 hours related to blood loss and transfusion, such as anemia (hemoglobin <8 g%), leukocytosis (total leukocyte count >11,000/mm 3 ), thrombocytopenia (platelet count <100,000/ mm 3 ), fever, coagulation abnormality, deranged hepatic/renal parameters, and further blood and component transfusion. Other complications such as neurological deficits, cardiovascular complications, pulmonary complications, infections (pulmonary, bloodstream, wound, meningitis, and sepsis), renal failure, electrolyte imbalance, and hemodynamic instability requiring inotrope/vasopressor were also recorded. Hematoma in the postoperative computed tomographic scan, need for reexploration for hematoma evacuation, need for tracheostomy, the number of days of mechanical ventilation, and days of ICU and hospital stay were also noted. Prolonged mechanical ventilation was defined as duration of mechanical ventilation >48 hours. Similarly, prolonged ICU stay was taken as ICU stay >2 days and prolonged hospital stay was considered as hospital stay >7 days. Patient condition at the time of discharge was noted to assign Glasgow Outcome Scale (GOS) grade to assess neurological outcome. GOS grade IV and V were considered "good outcome," whereas GOS Grade I, II, and III were included in "poor outcome."
All the patients were then categorized into four groups on the basis of their estimated intraoperative blood loss as follows:
• Group A: <20% blood volume loss • Group B: 20 to 50% blood volume loss • Group C: >50 to 100% blood volume loss • Group D: blood loss exceeding estimated total blood volume Occurrence of various perioperative complications was then correlated with the patient groups to identify if there was any association with the amount of intraoperative blood loss.
The primary objective of this study was to study the effects of intraoperative blood loss on perioperative complications and neurological outcome in adult patients undergoing elective brain tumor surgery. The secondary objectives were to identify various risk factors predicting intraoperative blood loss in these patients.
Statistical Analysis
The statistical analysis was performed using STATA 12.1 (College Stations, Texas, United States). Data are presented as number (%)/mean ± standard deviation/median (range) as appropriate. For univariate analysis, we used the chi-squared test and the Fisher's exact test (when one or more expected frequencies were <5) for categorical variables and the Student's t-test for continuous variables. Univariate analysis followed by multiple logistic regression analysis was done to identify risk factors and independent predictors for the occurrence of blood loss >20%. The results are reported as odds ratio (OR) and 95% confidence interval (CI). p-Value < 0.05 was considered statistically significant.
Results
During the study period, 456 patients who underwent elective craniotomy for brain tumor excision qualified for analysis as per the inclusion criteria, and their data were analyzed. After categorization into four groups based on the intraoperative estimated blood volume loss, there were 250 (54.8%) patients in Group A, 154 (33.7%) patients in Group B, 41 (8.9%) patients in Group C, and 11 (2.4%) patients in Group D.
Mean age of our study patients was 37.4 ± 11.5 years. Most of the patients were in the third and fourth decades of life (►Fig. 1). There was almost equal distribution of men and women (246 men [53.9%] vs. 210 women [46.1%]) (►Table 1). The majority of the patients belonged to ASA physical status I (76%) (►Table 1). Hypertension (10.9%) was the most common comorbidity followed by diabetes mellitus and hypothyroidism; multiple comorbidities were seen in 14 patients.
Most patients underwent surgery for excision of primary tumors (98.5%). The tumors were commonly supratentorial (46.9%) in location (►Table 2). Histopathologically, about onethird of the patients had glioma (31.5%), followed by meningioma (27.6%) and schwannoma (16%). Eighty-four patients (18.4%) underwent redo surgeries. About 30% patients had large (>5 cm size) and highly vascular tumors. A little more than three-fourths of our patients had mass effect preoperatively, while only 11.8% and 19.3% patients, respectively, had midline shift >5 mm and hydrocephalus before surgery.
Nearly, all patients (98.5%) underwent craniotomy under general anesthesia. There were only a few (1.5%) patients who underwent craniotomy under monitored anesthesia care for excision of tumor involving eloquent areas (►Table 3). Most patients underwent simple craniotomy (58.5%) in the supine position (67.1%). The mean durations of surgery and anesthesia were 331.3 ± 118.2 minutes (65-800) and 436.3 ± 126.1 minutes (95-870), respectively (►Table 5).
The average blood volume loss was 11 ± 5.3% in Group A, 29.8% ± 7.9% in Group B, 68.3 ± 13.5% in Group C, and 129.1 ± 23.9% in Group D. The intergroup comparison showed that the blood loss between the various groups was significantly different (p < 0.001).
Amounts of crystalloids/colloids administered and urine output were higher through Groups A to D (►Table 4); amounts of packed red blood cells (PRBCs), fresh-frozen plasma (FFP), and platelet concentrate (PC) transfused (p < 0.001) also followed a similar trend. Durations of surgery and anesthesia also increased through Groups A to D (►Table 5).
The occurrence of hemodynamic instability requiring the use of vasopressors/inotropes and other intraoperative complications such as hypothermia, acidosis, and dyselectrolytemia were significantly more among patients in the groups that had greater blood loss (►Table 6).
Almost three-fourth of the patients were extubated at the end of surgery in Group A, and the number progressively declined through Group A to Group D. A reverse trend was seen for continuation of mechanical ventilation in the postoperative period among the study groups (►Table 5). In almost half of the patients who were electively ventilated at the end of surgery, the reason was either prolonged surgery or surgical concern regarding hemostasis or raised intracranial pressure (►Table 7). However, in Group C and Group D, the most common reason for postoperative ventilation was excessive bleeding. During the postoperative period, fever, thrombocytopenia, coagulopathy, pulmonary infections, prolonged ICU stay (>2 days), and requirement of tracheostomy occurred with significantly higher frequency in patients of Group A through D (►Table 8). Development of dyselectrolytemia, hematoma, and requirement of surgical reexploration, blood/component transfusion, and prolonged mechanical ventilation were significantly higher in patients with greater intraoperative blood loss. In patients with postoperative hematoma, operative cavity was the most frequent location (►Table 9). The overall median duration of mechanical ventilation (►Table 10) was 17 hours (2-624 hours). The median duration of ICU stay was 1.5 days (2-864 hours), and the median hospital stay was 8 days (4-112 days). Chances of poor neurological outcome were significantly higher in patients with greater intraoperative blood loss (p = 0.01).
On univariate analysis, several demographics and preoperative and intraoperative variables were identified as risk factors for intraoperative bleeding. These included female gender (p < 0.001), presence of hypertension (p = 0.008), tumor size >5 cm (p < 0.001), tumor pathology like high-grade glioma (p = 0.004) and meningioma (p < 0.001), presence of preoperative mass effect (p = 0.002), preoperative midline shift >5 mm (p = 0.014), highly vascular tumors as seen on preoperative imaging (p < 0.001), extended craniotomy approach (p = 0.002), intraoperative use of colloids >1,000 mL (p < 0.001), intraoperative brain bulge (p = 0.03), intraoperative appearance as highly vascular tumor (p < 0.001), and duration of surgery >300 minutes (p < 0.001) (►Table 11).
Subsequently, multivariate logistic regression analysis was performed to find out significant risk factors for intraoperative bleeding (►Table 12). Female gender (p = 0.002), presence of hypertension (p = 0.017), tumor size >5 cm (p = 0.008), preoperative and intraoperative appearance of highly vascular tumors (p = 0.041 and p = 0.003, respectively), extended craniotomy approach (p = 0.009), intraoperative use of colloids > 1,000 mL (p < 0.001), and duration of surgery >300 minutes (p < 0.001) were found to Effect of Blood Loss on Perioperative Outcome Rajagopalan et al.
be the most predictive variables for intraoperative blood loss (►Table 11). However, tumor pathology such as meningioma (OR: 2.34; CI: 1.5-3.5; p = 0.065) and tumor location at skull base (OR: 1.02; CI: 0.6-1.6; p = 0.063) also demonstrated weak significance (►Table 12).
The majority of patients had good neurological recovery (71.3%). Around 19% patients had moderate disability and 5.9% had severe disability. Only two patients (0.4%) were discharged in persistent vegetative state. The mortality rate in our study population was 2.8% (►Fig. 2). 
Discussion
In this retrospective study, we found that the patients who had >20% estimated blood volume loss had greater incidence of complications, and the rate was higher with increasing blood loss. Blood transfusion during neurosurgery was found to strongly correlate with postoperative complications in a large retrospective study by Rolston et al. 15 Only 42.1% of patients required blood or blood product transfusion in our study, which was slightly less compared with the audit by Bhatnagar et al, 16 where they found that 48% of their patients with intracranial tumors required transfusion. In our study, 32 (12.8%) patients who had <20% estimated blood volume loss also received blood transfusion; the reason of transfusion was not mentioned in all anesthesia records but might be due to low baseline hemoglobin, presence of cardiorespiratory comorbidity, rapidity of blood loss, or alarming clinical signs. Intraoperative complications such as hemodynamic instability requiring inotrope/vasopressor support, hypothermia, and need for elective ventilation postsurgery were more frequent in patients who sustained >50% estimated blood volume loss. Patients who had >20% estimated blood volume loss required infusion of more crystalloids and colloids intraoperatively. Colloid infusion more than 1 L was found more commonly in Groups C and D. Similarly, the requirement for blood components such as FFP and PC were also higher in these patients. Piastra et al found that infants who had blood loss exceeding their estimated total blood volume during excision of brain tumor required significantly more intraoperative cardiovascular support. 13 In addition, they also had significantly higher ICU length of stay and postoperative mechanical ventilation requirement.
In our study, anemia in the postoperative period was slightly more in patients who had >20% estimated blood volume loss (4.4 vs. 2%). However, this difference was not statistically significant. This probably shows adequacy of transfusion efforts during the intraoperative period. Thrombocytopenia was more common in patients who had >20% estimated blood volume loss, almost varying linearly with the amount of blood lost. This may be due to the dilutional effect due to infusion of IV fluids, PRBCs, and FFP (poor in platelets).
Postoperatively, fever was more common in patients who had more blood loss, which could be either reactionary to blood transfusion or an early indicator of onset of infection, both of which were more common in patients who had more severe intraoperative bleeding.
Postoperative infections were also positively associated with blood loss and transfusion with most of the infections (pulmonary, bloodstream, wound/surgical site, sepsis, etc.) more frequent in patients who had major blood loss and blood transfusion. Huber-Wagner et al 17 and Working Group on Polytrauma of the German Trauma Society prospectively studied massive blood transfusion and outcome in 1,062 polytrauma patients and found that ~15% of polytrauma patients who received massive blood transfusion showed risk of organ failure, sepsis, and death correlating with increasing transfusion amount. In our study, risk of postoperative pulmonary infection strongly correlated with intraoperative blood loss and blood/component transfusion (OR: 24; CI: 1.76-327.3; p = 0.017).
The increased incidence of perioperative complications in patients who had >20% estimated blood volume loss resulted in increased morbidity reflected by prolonged duration of mechanical ventilation, ICU stay, and hospital stay in these patients. Bochicchio et al 18 found that in trauma patients admitted to ICU, blood product transfusion was associated with a significantly greater infection rate, hospital and ICU stay, ventilator days, and mortality with a dose-dependent correlation.
On regression analysis, several factors were found to positively correlate as risks for intraoperative bleeding. Although all other factors are convincing for their presence, observation of female gender as a significant predictor of intraoperative blood loss is surprising. We did not find any study with similar finding in the literature; therefore, it needs to be further confirmed in larger studies.
Massive intraoperative blood loss has been found to increase the risk of perioperative death by up to eightfold in some studies. 1 In our study, we found certain predictors of blood loss, of which female gender, tumor size >5 cm, high vascularity of tumor assessed on the basis of preoperative imaging as well as intraoperative appearance, colloid transfusion >1 L, and surgery duration >300 minutes were most notable.
There are certain limitations of this study, including those inherent to all retrospective study designs. Second, all our patients were adults. Third, we included only patients undergoing elective neurosurgery.
Conclusions
Intracranial tumor excision can be associated with major blood loss and require transfusion of large volumes of blood and blood products. This study has identified various factors for intraoperative blood loss during brain tumor surgery. By knowing these predictors, the anesthesiologist can anticipate major blood loss and be prepared to avoid intraoperative hemodynamic instabilities, hypothermia, and acidosis, and make judicious use of blood and blood products, which may go a long way in improving patient outcome.
